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EFFECTS OF TONAL HE RORY OF TWO KINDS OF FACTORS WERE STUDIED* THE 
FACTORS WERE (1) THE CHARACTERISTICS OF STIMULI PRESENTED TO THE 

A PITCH IDENTIFICATION TASK, AND !2! THOSE EFFECTING THE 
RESPONSE THAT THE SUBJECT MAKES IN SUCH A TASK* FIVE HYPOTHESES WERE 
ADVANCED FOR STUDY* THE UNDERLYING ASSUMPTION WAS THAT THERE ARE 
IMPORTANT DIFFERENCES BETWEEN THE ACQUISITION OF LONG-T^RM PITCH 
MEMORY AND THE ACQUISITION OF SHORT-TERM PITCH MEMORY. THREE 
EXPERIMENTS WERE CONDUCTED* THE FIRST EXPERIMENT WAS CONCERNED WITH 
TONAL MEMORY AND IDENTIFYING RESPONSE, THE SECOND EXPERIMENT WITH 
ACTIVITY LEVEL AND TONAL MEMORY, AND THE THIRD EXPERIMENT WITH THE 
EFf-fck 5 a ur VakIaiIONS IN INTENSITY LEVEL AND FEEDBACK ON PITCH 
IDENTIFICATION* RESULTS INDICATED THAT (If LEARNING DID NOT OCCUR 
WHEN THE DELAY BETWEEN THE STANDARD AND VARIABLE TONE WAS 10 
SECONDS, (2J THE 50-DECIBEL STANDARD PITCH WAS SUPERIOR TO THE 
50-DECIBEL VARIABLE PITCH, (31 AUDITORY FEEDBACK IS SUPERIOR TO 
VISUAL FEEDBACK AND DELAYED FEEDBACK IN FACILITATING PITCH 
IDENTIFICATION, AND (41 IT IS AOVANT AGEOUS TO PROVIDE IMMEDIATE 
AUDITORY FEEDBACK. TO STUDENTS IDENTIFYING PITCHES. IHB) 
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Problem 

i 

This project is an investigation of the effects on tonal memory of 
two kinds of factors: those changing the characteristics of e*imuli 

presented to the subject in a pitch identification task, and those affect- 
ing the response that the subject makes in such a task. The task in all 
cases was to match the pitch of a 932 cps tone by adjusting the frequency 
of an oscillator emitting a variable tone when an interval of silence oc- 
curred between the two tones. In the study of changes in st imulus charac- 
teristics, focus was on the influence of alterations in intensity. Three 
factors affecting responses were studied: the duration of silence between 

the standard and variable tone, feedback concerning past performance, sad 
sensory activity level of the subject (i,e«, the amount of sensory stimu- 
lation which the subject experienced prior to and during pitch jud gme nt 
performance. 

Hypotheses 

% 

The following general hypotheses were advanced: 

1, Subjects allowed to match a variable tone to a standard immedi- 
ately following the cessation of the standard will perform better on a 
test of tonal memory than subjects who are not permitted to respond to 
the standard immediately following its cessation* 

4 *' High, activity level of the organism will result in less accuracy 
in pitch judgment than low activity level, 

3. Both visual and auditory feedback will facilitate pitch judgaent; 
auditory feedback, however, will be more effective than vis ual feedback, 

4, Training with a standard tone of moderate intensity will facili- 
tate judgment more than training with a standard of either high or low 
intensity. 



5. Increasing the intensity Of the variable tohe will result in a 
decrease in accuracy in pitch judgment. 

® ires experiments, which wiU be described in detail below, were de- 
signed to test these hypotheses. 

Underlying all of the above hypotheses is the ass um ption that thg ya 
are important differences between the acquisition of long term memory for 
pitch (i c e,, memory involving a delay between the standard and variable 
tone of more than 4 seconds) and the acquisition of short term pitch 
memory. A model describing separate long term and short term memory 
systems provides a way to represent these differences. The short term 
system in this model is assumed to come into operation as a direct result 
of sensory experiences said thought to be capable of storing incoming sen- 
sory information for a limited time only. Decay of memory traces in this 
system is assumed to take place rapidly so that the amount of information 
available with respect to a given stimulus is reduced drastically within 
seconds after its termination. The long term system is thought to differ 
from the short term system in two ways: First, memory traces in the long 
term system are assumed to occur as a result of responses identifying the 
characteristics of stimuli to be remembered. Second, information stored 
in the long term system is available for extended time periods. 

In accordance with the above conception of memory systems, it was 
assumed that tonal memory could be facilitated in two ways: first, by 

influencing the information processed by the short term system, second, 
by affecting access to the long ter^ system either by altering the oppor- 
tunity to the organism to make an identifying response with respect to the 
stimulus to be remembered or by changing the degree of receptivity of the 
long term system to new information* 




The first and third hypotheses advanced above, those involving the 
silent interval between the standard and variable tone and th«? influence 
of visual and auditory feedback, are concerned with effects on the sub-* 
ject’s opportunity for making an identifying response. The hypothesis 
involving reduced activity level deal* IiH tK d At|« 4»1 im 

v — ' —mm —mm, W VMV 

vity of the long term system. The last two hypotheses, those concerned 
with variations in stimulus intensity, deal with effects on informa- 
tion processing in the short term system. As mentioned above, the short 
term system is assumed to be activated directly by sensory experience. 
The general question underlying hypotheses four sad five is: Do changes 

in sensory experience associated with changes in intensity level affect 

the ability of the short term system to process information concerning 
pitch? 



Related Research 

There are a number of studies in the existing literature dealing with 
the distinction between short term and long term memory. Investigations 
m this area have in the vast majority of instances dealt with verbal 
learning. This is unfortunate so far as the present project is concerned 
since there are important differences between verbal learning and the 

V 

acquisition of pitch identification stetll. Nevertheless, literature in 
verbal learning does shed light on the process of learning to identify 
Fitches. The most important finding in this connection is that there is 
a change in verbal memory associated with lengthening the time between 

S' 

stimulus presentation and response. In early verbal learning studies it 
was found that increasing the time between the presentation of a stimulus 



and the response to that stimulus facilitated performance (Bergstrom, 1 ^ 9 . 
Guthrie, 1933). This finding was reconfirmed much later by McHeynolds and 




Acker (1959)* It has been aeshteed by a number of investigators that the 
reason for the observed facilitation is that subjects are given an oppor- 
tunity to covertly rehearse relevant responses during the delay interval. 

The facilitation effect might then be assumed to be simply the result of 
increased opportunity for practice. In apparent accordance with this view 
is the v.ell known finding that when activities are interposed between 
stimulus presentation and response memory is impaired (Peterson and ' 
Petexson, 1959? Pillsbury and Sylvester, 19W » In certain instances this 
detrimental effect may be the result of interference associated with the 
interposed activity. However, it is also possible that a lack of rehearsal 
impairs performance, 'fhe latter notion has important implications for the 
theoretical explanation of memory in that it suggests that sensory experi- 
ence alone may not be responsible for the occurrence of memory* Responses 
may play an important role in the formation* of memories, 

Broadbent (195?) did a study in which he examined the role of responses 
in information storage. In this study subjects heard six digits in one ear 
and two in the other and were required to report all eight digits, first 
the six and then the two. When the two came near the end of the series of 
six, subjects performed much better than when the two were presented near 
the beginning or middle of the series, Broadbent argues that the inferior- 
ity of performance in the latter two. situations is a result of the fact 
that the delay between stimulus presentation and response is longer in 
those cases than when the two digits are presented near the end of the 
series of six. There was no opportunity for subjects to rehearse in this 
experiment since during the delay between the presentation of the two digits 
and the response to these digits they were busy reciting the six digits. 



•*8»i 

i * 

Broddbent ( 195 ?) hypothesised a dual memory system similar to the one 
suggested in this project* He labels the short term system the S system 
and the -eng term system the P system* According to Broadbent information 
stays in the S system for a limited time only but after passing through 
the P system can be restored to s Tvtr visViaovimaI 

— — — ' Q««l * 

Broadbent *s views represent a marked departure from gestalt conceptions 
memory whicu. save dominated t h in k i n g is American psychology for nearly 
a haxf century* Gestalt theorists have not recognized the role of re- 
hearsal in memory and do not postulate two memory systems. However, 
Broadbent* s position is by no means totally opposed to the gestalt view* 

The function of rehearsal, according to Broadbent, is to restore traces 
based on sensation. Thus, memory in both the Broadbent and gestalt con- 
ceptions is composed of traces formed by sensory experience. 

Undoubtedly, one of the reasons why the role of response in memory 
formation has not been clarified in the past is that rehearsal can take 
place covertly. It is difficult to determine whether memory is formed 
from sensory experience or identifying responses or both when relevant 
responses must go unobserved. There are differences between tonal memory 
and verbal memory which are of importance with respect to this situation* 
Studies involving verbal memory typically require a series of responses, 
such as, for example, repeating a set of digits. The individual responses 
in the series are invariably already stored in memory before the experi- 
ment ever begins. The subject is not required to remember the stimuli 
presented, but rather the order of presentation or some other relational 
aspect of the stimuli. The fact that relevant responses are already stored 
in memory makes covert rehearsal possible. 
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In a pitch identification task, it may in many instances be impossible 
for the subject to rehearse covertly. The subject may not have a set of 
responses already built in before the experiment begins, or if he does 
have such a set of responses, they may be no more than rough approximations 

i* A 4- Vl a e»v-i mill 4 t.ils V. ■ v • « _ 

• ** ouejr represent . jnaeea, we problem in pitch identic 

fication is to acquire a response or set of responses which represents 
an external stimulus. Studies in pitch identification, then, are parti- 
cuiarly well suited to the problem of determining the basis for memory 
storage. The problems associated with covert rehearsal should not be of 
the same magnitude in studies in pitch judgment as they are in investiga- 
tions of verbal learning. It should not be necessary to interpose activi- 
ties between stimulus and response to demonstrate a decrease in memory as 
the time interval between the standard tone and response to that tone is 
increased. A study by Harris (1952) is of interest in this regard. Harris 
employed two procedures, both involving the method of constant stimulus 
differences. In the first, the standard tone remained constant for all 
comparisons. In the second, which he called the roving standard procedure, 
the standard tone was varied in five cycle steps through a range extending 
from 950 cps to 1000 cps. With the fixed standard procedure there was no 
difference in D.L. s obtained from .3 to 3.5 seconds. The D.L. declined 
less than one cycle per second over a time period extending from .1 to 15 
seconds. However, with the roving standard a decline of 1 cps in the D.I. 
was noted after only 4 seconds. The facilitation e. .ct associated with 

delay between stimulus and response in verbal learning studies is not de- 
monstrated by Harris* data. 

According to the view taken in this project, the importance of varia- 
tion in the time delay between a stimulus and a response is related to the 
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changes which such variation creates in opportunity for making an identi- 
fying response# As the delay increases, the opportunity to make an 
identifying response decreases# It might be assumed that if there were 
some way to make identifying responses possible without reducing the delay 
stimulus presentation and response § delay would net seriously im- 
pair performance. The. concept of feedback is important in this connection. 

It has long been assumed that insofar as an individual is provided 
information about the accuracy of past performance, he is afforded the 
opportunity to make future performance more accurate (Stevens, 1951). 
Increase in accuracy associated with feedback would suggest that memory 
for pitch is determined by the occurrence of accurate responses in addi- 
tion to the imitation of sensory experience. Little information is avail- 
able on the effectiveness of feedback in pitch identification learning. 

Is a study by Pollack and Johnson (1959) , feedback was found to enhance 
pitch judgment. However, Campbell and Small (1963) found that feedback 
sot only had no beneficial effect on performance, but actually seemed to 

impair performance. ’This finding will be considered in detail in the dis- 
cussion of Experiment III. 

To this point , attention uas been focused on studies concerned with 
alterations in the opportunity fer making an identifying response. Studies 
related to the effects of intensity on processing in the short term system 
and related to the effects of reduced activity level on accc js to the 
long term system will now be considered briefly. There is ve*y little 
information in existing literature which deals with either the effects 
of intensity on pitch judgment or with the effects of reduced activity 
level on pitch identification. A study by Shower and Biddulph (1931) is 
of interest with regard to the effect of intensity on pitch discrimination. 
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These ir^eetigators found that &seriminati6n improves with increases in 
intensity up to 20 decibels and then levels off. This indicates that 
intensity does affect performance* Two important differences exists how- 
ever, between the Shower and Biddulph study and the type of investigation 
conducted in this project. The flMt of thPftA 1 g thgf, fjig RljAtjgy aw r| 
Biddulph study is concerned wit 1 * auditory acuity rather than auditory 
memory* The second difference, related to the first, is that these in- 
vestigators do not distinguish between learning and performance* 

The hypothesized relationship between pitch judgment and activity 
level was made on the basis of the assumption that reduced activity 
level would facilitate access to the long term system. There are numer- 
ous studies which suggest that under reduced sensory stimulation, visual 
and auditory experiences uiay become extremely vivid and often assume 
hallucinatory character (Solomon, et al,, l$6l>, ‘There is no evidence, * 
however* concerning whether these vivid experiences are based only on 
responses built in before reduced stimulation or whether reduced stimula- 
tion makes the long term system easily accessible* 

Procedure and Data Analysis 
Experiment I 

Tonal Memory and Identifying Response 
This etud^ is based on the assumption that tonal memory, defined 
operationally as the ability to match the pitch of a variable tone to 
that of a standard tone when 10 seconds of silence intervene between the 
two tones, is acquired at least in part as the result of the influence of 
identifying responses. 

The central hypothesis is that subjects trained under an identifying 
response condition allowing them to match the pitch of a variable tone to 



that of a standard tone immediately after the cessation of the standard 
tone will make better scores on a posttesi measuring tonal memory than 
subjects trained under any of the following three conditions: 5 second 
presentation of the standard tone followed by 45 seconds of silence; 

5 second, presentation of the standard tone follnupd 'immoii'ififaiw w ♦■vi« 

„„ — — i MJ V«.»W 

variable tone without adjustment of that tone by the subject; 5 second 

presentation of the standard tone followed by 10 seconds of silence, then 

presentation of the variable tone and adjustment of that tone by the sub- 
ject « 

Memory for pitch is considered in • this study as an 
intervening variable defined on the one hand by an incoming stimulus, the 
tone to be remembered, and on the other hand by an identifying response 
to that stimulus occurring after an interval of time. The word "identify- 
ing” suggests that in order for a response to serve as an operational de- 
finition of memory it must, at least to some extent, point out the dis- 
tinguishing characteristics of the stimulus to be remembered. 

In zhe past- in connection with this descriptive paradigm of tonal 
memory, or for that matter memory in general , it has been assumed that an 
incoming stimulus may have the capacity to leave a lasting imprint in the 
nervous system. The gestalt concept, stimulus trace, is a good example 
of this view of memory • According to the gestalt view, the incoming 
stimulus is assumed to be responsible for creating those modifications 
within the organism which underlie memory. Not only does the incoming 
stimulus provide a definition of memory by describing that which is to be 
remembered, but also it produces those changes within the organism upon 
which memory is based. The identifying response indicates the presence of 
mesory* That is, it serves as a signal implying that memory has occurred. 
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It is not, however, assumed to produce those modifications which result 
in the internal representation of the stimulus. 

The central hypothesis underlying this experiment is that effects of 
the identifying response are stored in memory; It cannot be overlooked 
that the influence of a stimulus tone does persist after it is no 
present in a given situation. This, indeed, is a well documented fact 
(Hams, 1952; Konig, 1957). However, it is also a fact that such in- 
fluence decreases rapidly with time (Harris, 1952; Konig, 1957). The 

concern of the present study is with influences which persist despite a 
lapse of time. 

In order for an identifying response to take place it must occur 
when there is a stimulus present to identify, in the first condition des- 
cribed, the response is made in close temporal conjunction with the stand- 
stimulus. In this condition an identifying response is possible, 
^second condition mentioned provides ample opportunity for the 
standard stimulus to exert its influence by producing stimulus traces. 
However, there is lUti^opportunity for making an identifying response 
since the subject is not pe^rifcte^to adjust the oscillator. If identify- 
ing responses do affect tonal memory, subjects trained under the first 

condition should perform in a superior faehion^o't&sa^rained under the 
second condition. 

The third condition permits the subject to hear both the standard 
and variable tone, but dees not .allow her to make an identifying response, 
It is assumed that learning will not be increased by merely hearing the 
standard followed by the 500 or 1700 epa variable. In order for learning 
to be enhanced an identifying response must occur. “• 



Nard 
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The fourth coition is identical td ikd t$6t. condition. It allows 
the subject to respond. However, since the response occurs after 10 
seconds of silence, the influence of the standard tone has already de- 
creased substantially • It :wae assumed that the hypothesized superiority 
of performance in the first condition would not be the result of its sim- 
ilarity to the test condition and that in consequence performance in the 
first condition would be superior to that in the fourth condition. 

Method 

Forty-eight female subjects from the University of Kansas educational 
psychology pool were used for this investigation. 

The sound system used for the experiment consisted of two Houston 
Instrument type J1 oscillators connected to an external switch box capable 
of channeling the sound from either oscillator into a set of Permoflux PUTS 
earphones inside a sound-proof room. The frequency response of these ear- 
phones was + .5 decibels from 500 to 1700 ops. A frequency counter and 
a voltmeter were connected .o the two oscillators enabling measurement of 
the frequency and intensity of the icses emitted. The duration and se- 
quence of tone presentation were automatically controlled by interval 
timers. The escalator that was adjusted by the subject was modified by 
covering the dial to prevent visual cues in repeated adjustments and was 
restricted in range to adjustments oeiusen 500 ops and 1700 cps. 

-"-objects were given a pretest involving judgments of a tape recorded 
piano t, e [a V:0 cjjs). -irst the standard tone uas presented. Then ’ol- 
loi.ung a 15 second period of- siier.ee a aeries of 35 variable tones ueie 
presented at 3 second intervale. The subjects were insisted to indicate 
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for each tone whet] er or nob it was identical to the standard* There 
were 18 trials. A score for each subject was determined by count ing the 
number of variable tones incorrectly judged* 

On the basis of this pretest, subjects were matched and assigned at 
random to one of four training conditions* Subjects trs i n sd under sssh of 
these conditions were then given a test assessing tonal memory. In all 
conditions total time per trial was 50 seconds. The subjects* responses 
were recorded from the frequency counter. Forty training trials and 25 
test trials were given. For all trials the intensity of the tones presented 
was approximately kO decibels. 

Training Condition One. A standard tone of 932 cps was presented for 
5 seconds followed immediately by a 25 second presentation of a variable 
tone (500 and 1700 cps alternately). Ike subject attempted 
to match the variable tone to the standard by adjusting the oscillator 
dial. Following the 25 second presentation of the variable tone there was 
a 20 second period of silence. In the silent interval between trials, the 
subject set the oscillator dial alternately at the 500 cps or 1700 cps 
position. 

Training Condition Two. This condition consisted of the presentation 
of the standard tone for 5 seconds followed by 4-5 seconds of silence. 

Tr a i nin g Condition Three. The standard tone was presented for 5 
seconds followed! immediately by a 25 second presentation of the variable 

tone. No adjustment was made. A 20 second period of silence preceded 
the next trial. 

Training Condition Four. The standard tone was presented for 5 
seconds followed by 10 seconds of silence. At the end of 10 second® of 
silence the variable tone was presented for 25 seconds. The subject's 
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tssk, as in condition one, was to mdtch thi pitch of the variable tone to 

tbat of the standard, A 10 second period of silence then preceded the 
next trial. 

The training sessions were followed by a test condition identical to 
condition four- A e> fSHAVlO A.M 4 >Ua i.t -I- A ft i * 

~ w vwftv vu w«w ^vovwcow veto bae mean aevia^ion 

of the logarithms of her frequency judgments from 932 cps. logarithms were 
U80 d because frequency judgments rendered in epa do not provide a pitch 
scale with equal intervals whereas logarithms do. 



Results and Discussion 

Pretest means and variances for subjects assigned to each t raining 
condition are given in Table 1. Bartlett's test for homogeneity of var- 
iance (Winer, 1962) revealed no significant differences in the var iances . 

to F test (Winer, 1962) revealed no significant differences in pretest 
means. 



Table 1 

Means and Variances for Pretest Data 





Condition 1 


Condition 2 


Condition 3 


Condition b 


Means 


24.1 


23.9 


. 22.9 


24.3 


Variances 


341.74 


323.61 


336.41 


321.59 



Means and variances based on posttest scores are reported in log de- 
viaticus in Table 2. For convenience of interpretation these scores are 
also traneormed into semitones. Because of heterogeneity of variance 
Wilcoxon' e Batch-Pairs. Signed Bapka Teat was used in making c omparison s 
of performances of the training groups in the test condition (Wilcoxon 
and Wilcox, 1964). Th? results of the Wilcoxon tests computed for 



each of the six possible pairing^ of tk<s four conditions studied in the 
* 

experiment are given in Table 3* As predicted, significant differences 

Table 2 

Means and Variances of Mean Log Error Scores 
for Posttest Bata Expressed in Logs and Semi tones 

Condition 1 Condition 2 Condition 3 Condition 4 
Logs Semitones Logs Semitones Logs Semitones Logs Semitones 

Means .0185 .75 .0523 2 C 10 .0592 2.37 .0549 2.20 

Variances ,0002 .00 .0023 .10 .0055 .23 .0022 .10 

between ranks were obtained for the three comparisons involving in turn 
the pairing of condition one, the immediate adjustment condition, with 
each of the other three conditions. The performance in the test condition 
of subjects trained under condition one was superior to the performance 
of subjects trained by all other methods. Futhermore, there were no 
significant differences between test performance of subjects involved in 

any comparisons between training conditions which did not include con- 
dition one. 

It could be argued that the reason that subjects in condition one 
performed in superior fashion to those trained under other conditions is 
that condition one subjects simply had more exposure to the standard tone 
than other subjects. Insofar as subjects during training under condition 
one were able to adjust the variable tone to match the standard, they were 
exposed to the standard not for 5 seconds but for nearly 30 seconds during 
each trial. That is, not only did they hear the standard tone during the 
5 second presentation at the beginning of each trial, but also after each 
adjustment they heard tones approximating the standard for nearly 25 seconds. 



Table 3 

Rank Differences and Associated Significance Levels Used in Coeluting 
Wilcoxon ’ s Signed Bank Test for Posttest Data 
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What is being suggested here idi that performance is a function of amount 
of exposure to the standard tone, however, the data do not support the 
assumption of a relationship between amount of exposure to the standard 
tone and performance* If amount of exposure, were a factor in performance 9 
then one would expect to see acme igwoveBierit- iw p^rfonssscs with repeated 
exposure to the standard tone* The fact that such improvement did not 
occur may be shown by an ex am i n ation of the performance of subjects trained 
under condition four* A trend analysis (Edwards, 1964), the results of 
which are presented in Table 4, revealed no change in accuracy of Judg- 
ments of condition four subjects ever 64 trails. Eight equally spaced 

blocks of two trials (i*e*, trials 7-8t 15-16, 23-24, etc*) were used in 
* 

this analysis* Mean log deviations were obtained for subjects at each 

two trial block * There were no significant differences between these 
means* 

Table 4 

Trend Analysis o? Condition 4 Subjects Across 8 
Blocks Consisting of 2 Trials Each 



Source 


SS 


DP 


MS 


P 


Trials 


.002432735 


7 


.0003475 


.734 


linear 


.00123^69 


1 


.00123 


2.60093 


Subjects 


.437620492 


11 


,03978368 


84,08* 


T x S 


.036425693 


22 

95 


.00047306 




*P 


<.005 












Results of the trend Analysis do not support the assumption that 
performance is a function of amount of exposure to the standard tone* 

This might at first seem to contradict the well established fact that 

repetition can affect performance* However, it must be remembered that 

* 

because of the 10 second delay repetition in condition four occurs with 
only minimal opportunity to make identifying responses* 

An identifying response may be defined as behavior which describes 
the dimensions of a stimulus by imitating them* The identifying response 
used in this study was the adjustment of am oscillator to produce a tone 
matching the pitch of the standard tone. At least this was the overt 
identifying response. Is it not also possible that covert identifying 
responses could have been occurring? That is, would it not be possible 
for a subject to respond to the standard tone by forming an auditory image 
of it immediately after its cessation and in so doing establish memory for 

the standard tone? It is commonly accepted in studies of verbal learning 

* 

that such covert responses occur and that they play an important role in 
influencing learning (McGeoch and Irion, 1952; Broadbent, 1957). There is, 
however, an important difference between studies of verbal learning and 
studies of pitch identification* In the former the identifying responses 
which indicate the memory of a given set of stimuli are characteristically 
part of the response repertory of the subject before he has entered the 
experiment* For example, a subject required to learn to recite a set 
of digits already knows how to say each of the digits before the experiment 
starts. The only thing he must learn is the order of presentation. It 
would be expected that such a subject could make covert identifying re-' 
sponses relevant to the digits as soon as they were presented. 

The subject in a pitch identification study faces a different 



situation. If he is to make a Covert response* it may be one that he has 
never made before. Indeed, if it were isd&sible for him to form an audi> 
tory image of the sta ndar d tone and this image were to persist for any 
length of time, one could say almost by definition that he remembered the 

standard*. An fltl fll *3 mo ffQ "? £t 1 V% AfliefAMAA AM A«« i34 m n n m — 
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connection it is interesting to speculate about one finding in the study 
which, despite the fact that it is the invariable attendant of almost « 11 
studies, needs some explanation. Namely, individual differences in ac- 
curacy of pitch judgment within experimental conditions did occur. What 
accounts for them? 

The adjustments of some subjects in each of the experimental conditions 
indicate that there are people who are able to identify the standard tone 
despite variations in training procedures. Beyond this it is a well known 
fact that some persons could have identified the standard tone simply on 
the basis of being told that it was B flat. On the other hand, some indi- 
viduals in a l l conditions except condition one were unable to accurately 
approximate the standard tone. That is, their judgments characteristically 
varied as much as 300 to ^00 cycles or mere from the standard tone. 

It may be that the reason for these individual differences is the 
fact that some subjects did not have in their repertory of responses 
covert responses for identifying tones wMle others did have such responses. 
Two studies by Bergan demonstrating a relationship between auditory imagery 
as measured by a questionnaire and skill in pitch identification provide 
support for this view. In the first of these (Bergan, 1965) a relationship 
between imagery and pitch identification was obtained for women but not for 
men. In the second (Bergan, in press) it was found that after employing 
a procedure for removing response bias from thi imagery questionnaire, the 
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relationship obtained for both sexes* 

The effectiveness of the bVert identifying response , then* is as- 
sumed to be that it can for some subjects provide an identifying response 
where none was previously available* The superiority of condition one 
supports this assumption* 

Another issue of importance in considering on identifying response 
expla n ation of tonal memory concerns the conditions necessary for an 
identifying response to take place* Condition one in the present study 
provides one set of circumstances which facilitate the occurrence of 
identifying responses. Might there not be others? A study by Pollack 
and Johnson (1959) bears on this point. These investigators, in addition 
to finding that two kinds of identifying responses, oscillator adjustment 
and whistling, were effective in improving pitch judgment also observed 
that verbal feedback was a facilitating factor. This latter might be 
described as a condition facilitating the occurrence of an identifying 
response • One way to make an identifying response possible is to allow 
the response to occur in close temporal conjunction with the stimulus. 
Another way is to provide the subject with useful information about his 
response* There may be many other ways. 

Experiment II 

Activity Level and Tonal Memory 

The experiment on activity level will be described briefly. Tt was 
hypothesized that reduced activity level would facilitate accuracy in pitch 
judgment* Fifteen male subjects participated in the experiment* The ap- 
paratus was the same as that described in Experiment I, The subject* s task, 
as in all experiments, was to adjust the pitch of the variable tone to match 
that of the standard tone* The S-V interval and interval between the end of 
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the adjustment period and the onset of a subsequent trial were both 3 
seconds. Initially there were 12 trials* These trials were followed by 
a 15 minute period of reduced activity level during which the subject sat 
in a reclining chair and the sound-proof room was in total darkness $ thus 
markedly reducing visual , auditory and kinesthetic input. At the end of 

15 minute period there were 12 additional trials carried out under 
the reduced activity level conditions* 

An F test indicated that there was no .significant difference between 
subjects* performances before and during reduced activity level. The 
hypothesized relationship between activity level and pitch judgment was not- 
supporied by the data. 

It is possible that the period of reduced activity level was not long 
enough to be effective. However, various behavior alterations known to be 
associated with reduced activity level (for example, the occurrence of hal- 
lucinations) have been reported with periods of reduced stimulation as short 
as the one used in the present study (Solomon and Howes, 196l), Seduced 
stimulation may. facilitate the transformation of information stored in the 
long term system into sensory experience* However, there is at present 
no support for the idea that reduced activity level increases access of 
newly acquired information to the long term system. 

Experiment III 

Effects of Variations in Intensity Level and 

Feedback on Pitch. Identification 

% 

This study is an examination of the effects of variations in intensity 
level and type of feedback on learning in a pitch identification task* 
Effects on learning are distinguished from effects on performance as fol- 
lows: When behavior in the experimental, situation is influenced by a var- 

iable present in that situation (for example, feedback or intensity level), 



-24- 



that variable is affecting performance and may or may not be affecting 
learning* If an effect pefaigtd when tie relevant variable is no longer 



present in the situation* then the effect is assumed to have been on 
learning* If, on the other hand, the effect disappears when the relevant 

variahla 1R nA 1frntfOT» wnoavif 4*V»A 4 M i i 
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formance* 



The task in all conditions of the experiment was to adjust the pitch 
of a variable tone to match that of a standard tone when 5* seconds of silence 
intervened between the two tones* There was a training session in which the 
relevant variables were introduced and a test session in which these vari- 
ables were altered or removed* During the training session three levels of 
intensity (25* 50 and 75 decibels) were used with both the standard an d 
variable tone. There were «hree feedback conditions* delayed auditory feed- 
back? a control condition in which there was a 10 second interval of silence 
between the end of the allotted adjustment period ano the beginning of an- 
other trial; visual feedback* in which the experimenter reported errors to 
the subject by pointing to a visual scale representing possible frequency 
deviations from the standard; and auditory feedback* in which the standard 
was presented immediately following the period allotted for adjustment* In 

the test condition the standard and variable were presented at 50 decibels 
with delayed feedback. 

The following hypotheses were advanced; first* training with a 50 
decibel standard will produce more accurate judgments in training and test 
conditions than training with a 25 or 75 decibel standard. Second* there 
vdl be an inverse relationship between intensity levels of the variable 
tone and accuracy of judgment in training and test conditions. Third, the 
order of effectiveness of feedback in training and test conditions will be 
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delayed feedback* visual feedback* and auditory feedback. 

It was assumed that the effects mentioned in these hypotheses would not 
operate to the same extent for all subjects. In a task like pitch identifi- 
cation in which learning is presumed to occur and in which individual dif- 
ferences in performance exist ? subjects capable of performing at an optimum 
le^el before training change little as a result of practice * On the 
other hand, subjects who initially show little ability may Improve greatly. 
Factors facilitating pitch identification, then, should reduce the variabil- 
ity of the groups to which they are applied. 

The superiority of the 50 decibel standard was suggested on the basis 
of the notion that the loudness of a tone determines its effect on accuracy 
of judgment. Two points concerning intensity are important in connection 
with this assumption. First, increases in intensity magnify the defining 
characteristics of frequency. For example, an increase in the amplitude of 
a sine wave makes the distances between peaks and troughs in the wave larger. 
Since this magnification has its analogue within the organism in the form of 
increased neural firing with increased stimulus intensity, it was assumed 
that increased loudness would provide increased . definition of pitch and in 
so doing would facilitate judgments in the training condition. Second, be- 
cause intensity is an ever present characteristic of tone, the perception of 
pitch necessarily involves the perception of loudness. It was felt that 
high intensity would make loudness the dominant characteristic of tonal per- 
ception and thus would interfere with accurate judgments of pitch. These 
considerations suggest a curvilinear relationship between intensity and 
judgments of pitch. 

It was assumed that the facilitating effects of the 50 decibel standard 
would continue to operate during the test session. If the 50 decibel group, 
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as predicted, were to m&k^ more accurate respouses than other groups during 
the tra inin g session, they would h&Vd fcpddiiid&d correct responses core often 
than the other groups* 

9?he inverse relationship between variable tone intensity and accuracy 
of judgment was assumed on the fcanis of the notion that the degree q £ inter* 
ferenee of the variable tone on judgments of the st andar d would be a f un ction 
of the intensity of the variable tone* The variable tone was expected re- 
gardless of intensity to exert an interfering affedt on the standard* Such 
interference is simply an example of the well documented constant error 
associated with the method of adjustment (Guilford, 1954), The degree of 
the effect was assumed to be a function of the intensity of the variable tone* 
It was felt that the effect would carry over into test session performance 
in that subjects trained under highly interfering conditions would have less 
practice making correct responses than subjects trained under other condi- 
tions* 

The rationale for the feedback hypothesis was ss follows: The delayed 

feedback condition was regarded as a control condition* The information pro- 
vided by the variable tone was expected to be almost totally dissipated by 
the end of the 10 second period of silence between the end of the adjustment 
period and the onset of the next trial* Accordingly, it was felt that both 
visual and auditory feedback would be more effective in decreasing errors in 
tra ini ng and test conditions than delayed feedback* 

The hypothesized superiority of the auditory feedback condition was 
based on the notion that there would be a Ipse of information if th& visual 
channel were used to describe a relationship between a stimulus and response 
primarily involving the auditory channel* The visual and auditory feedback 
conditions both define quantitative dimensions providing a basis for 





classifying judgments* The deals Used ^ the visual feedback condition de- 
scribed a dimension representing pos&toe deviations from the standard. The 
immediate comparison of the standard and variable tone afforded by the audi- 
tory feedback condition also provided a continuum of deviations from the 
standard. However, classifications occurring on the auditory di asssdos pro- 
vided more readily usable information than those occurring on the visual 
dimension. It ms assumed that in order for visual feedback to be effective, 
it would have to be translated into the auditory dimension. That is, values 
on the visual dimension would have to be made to correspond to those on the 
auditory dimension, $nd the possibility of information loss in the transla- 
tion process seemed likely. Thus, it was assumed that judgments of subjects 
trained under audit oiy feedback would be superior to those of subjects 
trained under visual feedback. 

Method. 

One hundred eight subjects taken from the educational psychology subject 
pool at the University of Kansas were each assigned at random bo one of the 
twenty-seven conditions described by the possible combinations of feedback 
and intensity used is the study. 

The sound system used for the experiment consisted of two Houston Instru- 
ment Type J! oscillators connected to an external switch box capable of chan- 
neling the L.ound from either oscillator into a set of Permoflux PDT8 ear- 
phones inside a sound-proof room. The frequency response of these earphones 

^ ecibela ^ Qm 5°° to 1700 cps. A Bruel and Kjaer sound level meter 
3^pe 2203 and artificial ear ?ype 4152 with condenser microphone Tjype 4131 
were used ve measure intensity. A frequency counter was used to measure 
frequency. The duration and sequence of tone presentation were automatically 
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controlled by Interval timers i The Oscillator that was adjusted by the 
subject was modified by covering the dlhl prevent visual cues in repeated 
adjustments and was restricted in range to adjustments between 500 and 1700 
cps. Prior to the beginning of each trial, the subject was instructed to 
set the variable tone to the appropriate extreme of the range. On tr ials one 
and two for all conditions the setting was 1700 cps, for trials three and 
four it was 500 cps. This pattern of alternation was continued for ell 
trials, In all conditions there were 16 training trials and 12 test trials. 

In the delayed auditory feedback condition, the standard was presented 
for 5 seconds and followed by 5 seconds of silence. Then the variable tone 
came on for 15 seconds during which time the subject made his judgment. 

There was a 10 second interval between the end of the judgment period and 
the onset of the next trail* 

The visual feedback condition was the same as the delayed fee dback con-- 
dition with the exception that immediately following the adjustment period 
the subject was given vIsuel. feedback. The experimenter pointed to a visual 
scale on which the subject's judgments could be represented. The scale was 
divided into 22 #-inch steps representing 22 equal intervals ( i.e., semi- 
tones) from 500 to 1700 cycles per second. Each semitone could be subdi- 
vided into thirds by the experimenter. Thus, the error in repor ting to the 
subject in a given instance could be no more than + one sixth of a semitone. 
The immediate auditory feedback condition was identical to the delayed 

feedback condition with the exception that the onset of a new trial followed 

* 

the judgment period immediately. 

he test condition was identical to the delayed feedback onn df Ho n, 
Heaults 

The subjacts' judgment* were expressed in absolute deviations from the 
952 cps standard. Because frequency does not describe pitch scale with equa l 




intervale, judgments wii'a converted to A subject's score was 

th® mean leg deviation tt Hu smfrftmtsl Kbans and variances of the mean 



log deviations of subjects* responses for each of the nine experimental eon 
dltion® as?® presented ia Sable 5 for both training and test sessions.. For 
c©n? > ®iai.®&©e in interpretation fcfa®s@ yaiMoa 
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■Sable 5 

Means and Variances of Subjects’ log Deviations in Training and Test 
Performance® for the 9 Experimental Conditions Expressed in 



Training Condition 



Test Condition 



Means Variances 

logs Semitones logs Semitones 



Means 



Sj .o5603 2.25 
S 2 .05306 1.31 
Sj .07206 2. 



Vj .04610 1.84 
V 2 .06276 2.52 
» 3 .05222 2. 



Fj .06835 2.72 
F 2 .03958 1.58 
Fj .05315 2.12 



.00322 

.00231 

.00144 



.ooa? 

.00080 .04 

.00359 .13 



.00155 .08 
•00395 .17 
.00164 .08 



.13 

.10 

.06 



S m Standard 
V c Variable 
F » Feedback 

Subscripts 1, 2, 3 refer to 25 , 
in the case of feedback to 
conditions. 



.02748 2 

.02266 

.05710 2.29 



.02400 
.04558 1,83 

.03520 1.40 

•05182 2.08 
•02682 1.08 
•02861 1.14 



V&riancee 
legs Sam tones 



•00195 

.00160 



.00152 

.00365 

.00151 



>00336 



.00102 



*08 



.15 



.14 

•10 



50* and 75 decibel conditions* or 
» visual* and auditory feedback, 
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*® rationed above* it wad &fcsi»d that treatment effects would not cp~ 
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reduce the 'variability of 
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Ote test the superiority of the 50 dc-eibel standard for both tmining 
and test session®, F ratios were computed between each of the three pairs 
of intensity conditions defined by training session variations in the is« 
level of the standard® Basalts are given for training and test 
in Table 6® The data for the training session support th© hypothe- 
sised superiority of the 50 decibel condition « Iter the test session, the 
predicted difference between the 25 and 50 decibel training groups was not 
supported® However, the 75 decibel condition was, as predicted, inferior 
to the 50 decibel condition 



B&tics Between Conditions Involving Variations 
in Intensity of the Standard Tone 



Sojsrce 

Train 


Variances 


'A V 0 


Comparison 


F 


P 


S 25 


•002173 


35 


S 2 5 


50 


2*7X$0 


.005 


S 50 


.000799 


35 


S 75 


5 

50 




•005 


^75 

Test 

COtOMlM 


*003388 


35 


S 75 


S 25 


1.606 


— 


s 25 


.00195^ 


35 


S 25 


%0 


fW 11 OHIO 


<N*wn4» 


S 50 


*001603 


35 


%0 


% 


3.5143 


,005 


% 


0 CO 6867 


35 


s 25 


Cf 

*75 


4,2838 


.005 

s****mmm*m* liiununi.m 
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F ratios for both training and test sessions computed for the three 
pairs of conditions defined by tfaihi t$ session variations in intensity 
levels of the variable tone are given in Table ?* The results of these 
test® do not support the hypothesised inverse relationship between inten- 
sity level of the variable tone and training and test session performance, 
ke predicted, the 25 decibel condition was superior to the 50 decibel 



However, the 75 "decibel 
group,- which was predicted to show the poorest performnee of the three 
groups-, was in fact significantly superior to the 50 decibel . group .in 
both training and test sessions* 

Table ? 

F Katies Between Conditions Involving Variations 
in Intensity of the Variable Tone 



Source 

Train 


Variances 


d*f* 


Comparison 


• F 


P 


V 

25 


.001549 


35 


V 

25 


V 

50 


2*5523 


.CIO 


V 

50 


.003951 


35 


V 

25 


% 


— - 


WMIW4M 


V 

*7^ 

Test*" 

*wrooBu 


.001643 


35 


v 

*50 


v ?5 


2 *4045 


*010 


v 

25 


.001520 


35 


V 

25 


v 50 


2.404 


.01 


v 

50 


.003654 


35 


V 

25 


¥ 

75 


— 




y^r,££ 

75 


.001511 


35 


V 

50 


v 

*?5 


2*3520 


.01 



To test the 

diiion&f F ratio© were 
the three possible pairs 
sessions* The results 
are given in Table 8* 
received support® 



orler of effectiveness for the feedback con- 
computed between the variances of scores for ea^fe of 
of feedback conditions in the training and test 
these tests for both training and test sessions 
hypothesised effectiveness of auditory feedback 
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The auditory condi tloh was sujberio r to the delayed condition for both train- 

j 

ing and test sessions, and to the visual Condition for the test session. 
However 9 it was *iot significantly different from the visual condition in the 
training session* The hypothesized effects of the visual condition were not 

ftimmrfo/l \\xr tVkCL fldfo 

Table 8 

F Ratios Between Conditions Involving 
Variations in Feedback 
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F^ = Visual feedback* 
F^ s Auditory feedback* 



Source 


Variances 


d»f» 


Comparison 


F 


P 


Tima 

«m&9aesft*x». 


F i 


*00322 


35 


F 

X 


F 

2 


1.393 




F. 

C 


*00231 


35 


F 

X 


F 3 


2.236 


.025 


2? 

3 


*00144 


35 


F 

2 


F 

3 


1.606 


««»<]* «B» 


Test 

tncamiMft 


F 

1 


*00336 


35 


p i 


F 

2 


1.556 


*VH*» 


F 2 


*00209 


35 


F i 


F 3 


2.186 


• 025 


F 3 


*00102 


35 


F 2 


A. 


2*046 


*025 


P 1 


a Delayed feedback, 
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Discussion 

The observed superiority of the 50 decibel standard during the training 
session gives support to the hypothesis that increased intensity level pro- 
vides increased definition of pitch as well as the notion that high level 
intensity can become an overriding characteristic interfe* ng with pitch 
judgment* Shower and Biddulph (1931) also observed a relationship between 
intensity level and pitch judgment* However ? in their study the relationship 



did not persist beyond an approximate level of 20 decibels. In this connec- 
tion it should be noted that in the Shower and Biddulph study there was 
almost no delay between the presentation of the standard and the ensuing 
judgment * Thus there was little opportunity for the stimulus trace to decay. 
It is possible that when Ion* delava 03C15t a+*J avntl « * rm am .5 
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judgment permitting increased opportunity for trace decay, the relationship 

between intensity level and accuracy of pitch judgment will : be maintained 
at higher intensity levels. 

The lack of significance between the 25 decibel condition and the 50 

decibel condition in the test session is apparently due to the fact that the 

50 decibel group became more variable in their performance during the test 

session than they had been during training. It is not clear uity this should 
occur. 

The data do not support the hypothesized interference effects associated 
with intensity level variations of the variable tone. Bather the results 
describe a mirror image of the findings given for the standard tone. Whereas 
the 50 decibel standard produces superior performance, the 50 decibel vari- 
able produces inferior performance. One possible explanation for the results 
observed with respect to variations in the variable tone is that magnifica- 
tion of the defining characteristics of pitch of the variable tone may inter- 
fere with judgments of the standard. 

Training and test session data support the hypothesized effectiv enes s 
of auditory feedback. Despite the fact that the assumed effectiveness of 
visual feedback was not supported, it could well be misleading to suggest 
that visual feedback is not effective. Performance of the visual feedback 
group was in the predicted direction. Puthermore, although the variability 
of the visual group was not Smaller than that of the delayed feedback 
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ccndition* the mean for the visual gpoup was significantly higher than that 

I 

for the delayed feedback group in both training afid test sessions (p < * 005 ) • 
Visual feedback appears to affect learning though not in the manner predicted. 
Futher research is necessary to precisely describe the differences between 
the effects of visual and auditory feedback. 

The findings with respect to feedback are of interest in connection with 
an earlier study by Campbell and Small (1963) in which feedback was found to 
have a detrimental effect on pitch discrimination. There is variation be- 
tween their method and that of the present study which could account for 
differences in results. 

One important difference between the Campbell and Small investigation 
and the current study is that they used only visual feedback. It was sug- 
gested above that in order for visual feedback to be effective t it must he 
translated into the auditory dimension defined by the sounds which the sub- 
ject experienced in the testing situation. In the Campbell and Small g*tudy ? 
if the subject happened to hear two tones which to him were not perceptibly 
different, visual information suggesting that one was higher than another 
could not be translated to the auditory dimension for subsequent use. The 
relevance of visual feedback could come about only during the course of a 
number of trials as the subject began to apprehend the auditory dimension. 

For example, in some cases the subject might be sure that the variable was 
higher than the standard.^ Feedback would confirm his judgment. In other 
cases he might have an opinion about which he was unsure. Feedback might 
be most effective in such instances. It could conceivably take several 
trials for the influence of feedback to be demonstrated* Futhermore, in the 
early trials, a great deal of irrelevant visual information would be com- 
municated to the subject. This could explain why Campbell and Small found 
feedback to be detrimental to performance in the early phases of their study. 
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Conclusions and Implications 

In Experiment I it was found that l&jlriiing did not occur when the delay 
between the standard and variable tone was 10 seconds. However, learning 
did occur when there was no S-V delay • These findings support the view that 
tonal memory is not based 

_ — v ^ ^ w«*v vuif*v^ ov 

make a response is important in ga ining access to the long term rseisory 
system. The findings with respect to the S-V delay are directly applicable 
to education. They suggest that acquisition of pitch identification skill 
will be facilitated if students are allowed to make overt identifying re- 
sponses immediately following the cessation of the tone to be re&enbered* 

The findings on S-V delay also have implications for future research. 

The fact that the identifying response has been shown to be an import ant 
factor in memory formation suggests the need to define the essential features 

i 

of this type of response e Is it necessary for the subject to actually adjust 
the oscillator dial to improve his judgments, or would it fee sufficient for 
improvement if he were to hear the variable tone being adjusted to approxi- 
mate the standard? If the latter proved to be the case, an identifying re- 
sponse might be thought of as a comparison of a tone with a a apppoisimtion 
to the tone. However, perhaps it is necessary for the subject to adjust the 
dial or at least control the frequency of the variable tone in some way* If 
this is the case, the identifying response may be more closely associated 
with imitation than comparison. A third possibility la that both imitation 
and comparison are involved. The validity of these as well as other inter- 
pretations of the nature oi the identifying .response must be determined by 

4 

future research. 

• The superiority of the 50 decibel standard and inferiority of the 50 
decibel variable observed in Esjieriaeat 1X1 indicate that variations in 
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intensity affect tonal memory 4, These findings imply th&t a standard tone 
of moderate intensity Bhould be used in twining student® te.ldeftt iifr pitches 
and that the variable tone should be of eithefr low or high intensity* 

The findings in Skperiment III indicate th^.t- auditory feedback i© super- 
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cation* In training student® to identify pitches, it is advantageous to 
provide immediate auditory feedback* The feedback findings suggest a number 
of issues which might be topics for future research* The first of tMm in- 
volves verbal feedback* one of the most frequent types of feedback used in 
music education and other areas of education* One would assume that verbal 
feedback would be no more useful in improving pitch identification skill 
than visual feedback* Although verbal feedback does make use of the audi- 
tory channel* the type of information provided by verbal feedback is dif- 



ferent in its characteristics than that provided by auditory feedback as 



defined in Experiment III* One might ae8U!«e that in order to be effective* 
verbal feedback like visual feedback would have to be translated into the 



auditory dimension defined by the series of possible tones above and below 
the standard. An investigation of the relative effectiveness ©.? verbal and 
auditory feedback would provide a useful addition to present knc&^L&dgo* 
Father research would also be of value with regard to the iambics of 
discovering the conditions which determine the effectiveness of visual 
and auditory feedback* Of particular iisportance is tho relation shi p between 
the relative effectiveness of visual and auditory feedback: and the time when 
feedback is presented* In Skperiaienc III* feedback was given Ais»d lately 
following the adjustment period*, It slight be more beneficial to provide 
feedback as the subject made Mss ndjustoont. Futhemoro, if this were done* 
visual feedback might prove more effective then it was shorn M be in 



Experiment III. Consider the following three training conditions: visual 

feedback* in which the subject is permitted to watch the display panel of a 
frequency counter as he makes Me adjustment? binaural auditory feedback* in 
which the S and V tones lire presented to both ears and in which the subject 
makes his adjustment While the standard tone Is still on? and monaural audi - 
tory feedback which would differ from the binaural condition in one respect 
only* the standard would be presented to one ear and the ’variable to the 
other. A test session like the one in Exper Iment III might reveal an ad- 
vantage for the visual and monaural conditions. When information about the 
standard and iafors&tion about the variable are presented simultaneously* it 
may be advantageous to use isore than one channel to process the information® 
Another area of research connected with the feedback findings would 
involve the investigation of the effects of combining a condition in which 
there ms no S-¥ delay with conditions involving visual and auditory feed- 
b&cke It is important to determine whether additional facilitation of ac- 
curacy in jud^eent would occur as a re^.lt of combining two treatments each 
of which is effective in its own right,. Beyond the implications of findings 
pertaining to the central hypotheses advanced in the project* there are cer- 
tain additional, in part incidental findings which have implications for 
future research, bfhen effective treatments were not applied i& teria di vi- 
dual variability tended t© be large. However, inspection of individual 
records revealed a rather high degree of intraindividual consistency, When 
treatment© were effective, they did not influence all subjects equally. 

'These findings suggest that there w$ be advantage to using subjects as 
their own controls in pitch judgment studies® This procedure would make it 
possible to ©xas&ne the effects of a ^iven treatment on individual subjects 
and in so doing provide greater precision in establishing the relationship 
between treatment effects and individual characteristics of subjects. 
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